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Introduction
The contribution discusses RRM measurement for UE power saving.
[bookmark: _Ref494215420]
 Reducing measurement activities in time domain
Introduction of reducing measurement activities
It was identified in RAN1#95 that the number of RSRP measurement samples for a given duration can be relaxed with negligible impact on accuracy.
	Agreements:
· Observation: for certain conditions (e.g., low mobility deployment/UE speed/favourable RSRP conditions), the number of RSRP measurement samples for a given duration (e.g., measurement period / evaluation period) can be relaxed with negligible impact on accuracy achieved by existing Rel-15 measurement.


It was also identified in RAN1#95 that reducing RRM measurement activities for a given time period is beneficial from UE power saving.
	Agreements:
· Observation: 
· For certain conditions (e.g., favourable RSRP conditions, etc.), reducing RRM measurement activities (e.g., measurement, reporting) for a given time period is beneficial from UE power saving perspective for RRC IDLE/INACTIVE/CONNECTED states.


From above two agreements, reducing RRM measurement activities is beneficial for UE power saving for certain conditions, i.e.
· For certain conditions (e.g., low mobility deployment/UE speed/favourable RSRP conditions), the number of RSRP measurement samples for a given duration (e.g., measurement period / evaluation period) can be relaxed.
· For certain conditions (e.g., favourable RSRP conditions, etc.), reducing RRM measurement activities (e.g., measurement, reporting) for a given time period.

Approaches of reducing RRM measurement activities
It was identified in RAN1#95 that some schemes of reducing RRM measurement activities should be studied.
	Agreements:
· For intra frequency and/or inter frequency measurement, the following approaches are to be studied for UE power saving in time domain, including impact on mobility performance
· Increasing measurement period
· Reducing number of samples (e.g., OFDM symbols / slots) within a measurement period (e.g., SMTC window)
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Confining RRM measurements within a measurement window and increasing the periodicity of the measurement window for intra frequency and/or inter frequency measurement
· Other approaches are not precluded
· Note: this does not necessarily mean that the techniques studied will have spec impact



Increasing measurement period
In connected mode, the RRM measurement performance requirement is specified for UE to complete one RRM measurement per measurement period (e.g., TSSB_measurement_period_intra defined in 38.133). The measurement period can be increased by modifying the measurement period.
There could be two options to increase the measurement period:
· Option 1: The UE autonomously selects SMTC windows for measurement in a relaxed measurement period to meet the measurement requirement.
· Option 2: The period of SMTC window increases as the measurement period increases.
In the scenario without DRX configuration, we assume 40ms SMTC period and SMTC is fully non-overlapping with measurement gaps. According to the measurement requirements, the measurement period can be calculated as 200ms. The following figure shows an example of increasing measurement period. 


Figure 1: Example of increasing measurement period

It can be observed that UE only needs to wake up five times within the relaxed measurement periods. It is the benefit of power saving.

[bookmark: OLE_LINK32][bookmark: OLE_LINK33]Reducing number of samples within a measurement period
In general, measurement result is obtained by filtering multiple measurement samples. So, one way for reducing RRM measurement activities can be reducing the measurement samples within a measurement period. 
In the scenario without DRX configuration, we assume 40ms SMTC period and SMTC is fully non-overlapping with measurement gaps. According to the measurement requirements, the measurement period can be calculated as 200ms. An example of reducing the number of samples within a measurement period is shown in the following figure. 


Figure 2: Example of reducing number of samples within a measurement period

It can be observed that UE only needs to wake up twice within a measurement period. It is the benefit of power saving. 

Confining RRM measurements within a measurement window
Due to scattered measurement occasions, UE needs to wake up timely to get multiple measurement samples in one measurement period including background activities, such as channel tracking. It may cause large power consumption. In order to avoid UE timely waking up for measurements, multiple measurement samples in one measurement window can be concentrated. 
We assume 40ms DRX cycle, 20ms SMTC period and SMTC is fully non-overlapping with measurement gaps. According to the measurement requirements, the measurement period can be calculated as 320ms. The following figure shows an example of confining multiple RRM measurements sample within a measurement window. 


Figure 3: Confining multiple RRM measurements sample within a measurement window

Similarly, it can be observed that UE only needs to wake up twice within a measurement period. It is the benefit of power saving.

Procedure/triggering
It was identified in RAN1 #95 that there are 3 alternatives for procedure and triggering for reducing RRM measurement activity in time domain.
	Agreements:
To further study the following adaption mechanism of RRM measurement activities for UE power saving:
· gNB controlled RRM measurement operation with UE assistance information reported to gNB, e.g.,
· mobility related information (e.g., mobility state, history of mobility state, UE's visited cells and cells not reselected due to the ping-pong effect, the number of handovers for certain period, etc.)
· channel condition (e.g. change in serving RS/signal)
· gNB controlled RRM measurement operation without UE assistance information reported to gNB based on certain conditions, e.g.,
· subscription, capabilities (e.g. at AS or NAS level), device type
· Doppler estimation for RRC CONNECTED states
· cell type (e.g., small cell/macro cell)
· gNB controlled threshold to support UE autonomous RRM measurement adaptation based on e.g.,
· signal measurements (e.g., RSRP)
· UE mobility state (e.g., low/medium/high mobility)
· UE location in the cell (e.g., cell-center/cell-edge)
· S-measure enhancement (e.g. S-measure for SCell, CSI-RS) 
· Other mechanisms/approaches are not precluded


[bookmark: OLE_LINK9]The 3 alternatives for procedure and triggering for reducing RRM measurement activity in time domain are listed as follows.
· [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Option 1: gNB controlled RRM measurement operation with UE assistant information reported to gNB.
· Option 2: gNB controlled RRM measurement operation without UE assistance information reported to gNB based on certain conditions.
· Option 3: gNB controlled threshold to support UE autonomous RRM measurement adaptation based on some factors, e.g. RSRP. 
For Option 1, it is gNB controlled adaptation with UE assistance information reported to gNB. It can be the most optimized and centralized controlling mechanism. But overhead of UL signalling and gNB controlling signalling need to be studied.
For Option 2, it is gNB controlled adaption without UE assistance information reported to gNB. The overhead of UL signalling can be mitigated. However, gNB may work out the “bad” decision due to lack of UE information.
For Option 3, different from Option 1, gNB can control the adaptation by threshold and UE autonomous behaviour is introduced to reduce the requirement of UE assistance information and gNB controlling. In our view, it is better than Option 1 in some cases. It was agreed in RAN1 Ad Hoc 1901 that gNB controlled threshold for UE autonomous RRM measurement adaptation in time-domain.
	Agreements:
For UE autonomous RRM measurement adaptation in time-domain with gNB controlled threshold, the following thresholds and corresponding adaptation schemes can be considered,
· A RSRP threshold for UE adapting RRM measurement period, 
· A RSRP threshold for UE adapting RRM number of samples within a measurement period, 
· A RSRP threshold and a RSRP variation threshold within a period of time, and based on that, UE can adapt the measurement or report period 
· A RSRP variation threshold within a period of time, and based on that, UE can adapt the measurement or report period
· A threshold for UE adapting RRM measurement period and the threshold can be at least one of the followings,
· The amount of time during which the UE stays with a specific cell or beam (for RRM measurement) 
· UE’s active TCI state for PDCCH does not change for specific time period.
· The number of handovers/reselections for certain period.
· A threshold which includes UE mobility status, serving cell quality, and based on that, UE can adapt the SMTC window, number of CSI-RS resources sets per target cell, periodicity of CSI-RS resources.



We agree that the threshold based gNB controlling is efficient. However, from perspective of UE complexity, the threshold should be carefully studied to avoid complicated calculation in UE autonomous behaviour. 
Proposal 1: For procedure/triggering for reducing RRM measurement activity in time domain, the threshold should be carefully studied to avoid complicated calculation in UE autonomous behaviour.

Relaxing intra-frequency measurements
It was identified in RAN1#95 that reducing the number of cells for intra-frequency measurement can be beneficial for UE power saving.
	Agreements:
Observation:
· Reducing the number of cells for intra-frequency measurement can be beneficial for UE power saving, 
· Assuming that UE can limit the processing for measurement within a constrained time period and/or with reduced complexity.
· Assuming number of neighbouring cells to be measured is reduced.
· For UE power saving perspective, reducing the need in neighbour cell intra-frequency measurement can be beneficial.


In RAN1 AH-1901, the power model of intra frequency measurement was agreed. It can be observed that reducing the number of cells for intra-frequency measurement can reduce UE power consumption. 

Procedure/triggering
It was proposed in RAN1 Ad Hoc 1901 that there are 3 alternatives for procedure and triggering for reducing the intra-frequency measurement.
	Possible offline agreements:
For UE autonomous RRM measurement for reducing the intra-frequency measurement with gNB controlled threshold, the following thresholds and corresponding adaptation schemes can be considered,
· Using RSRP/RSRQ threshold(s) for UE adapting RRM measurement including,
· Adaptation of number of non-serving cells,
· Adaptation of the measured cell lists
· Adaptation of which signals (e.g. SSBs/time locations/CSI-RS) to be measured
For gNB controlled RRM measurement operation with/without UE assistant information, the gNB can indicate to the UE the following information in order to reducing the intra-frequency measurement,
· Spatial information from SSB and CSI-RS,
· Constrain the configuration of CSI-RS transmission for RRM on one carrier in a concentrated manner,
· Temporarily omit search for additional unknown cells if the NW can establish that all relevant candidate cells have been detected.
For the purpose of reducing the intra-frequency measurement, the followings are proposed information to be provided as UE assistance information reported to gNB for gNB controlled RRM measurement operation 
· UE's visited cells and cells not reselected due to the ping-pong effect,
· Change in serving RS/signal quality, e.g., RSRP/RSRQ for certain amount of time,
· UE is under coverage of a specific cell or beam (for RRM measurement) for certain amount of time,


The 3 alternatives for procedure and triggering for reducing the intra-frequency measurement are listed as follows.
· Option 1: gNB controlled RRM measurement operation with UE assistant information reported to gNB.
· Option 2: gNB controlled RRM measurement operation without UE assistance information reported to gNB based on certain conditions.
· Option 3: gNB controlled threshold to support UE autonomous RRM measurement adaptation based on some factors, e.g. RSRP. 
Like discussion in Section 2.3, in our view, Option 3, i.e. gNB controlled threshold to support UE autonomous RRM measurement adaptation based on some factors, should be prioritized. Further, we also concern on the complicated calculation in UE autonomous behaviour. 
Proposal 2: For procedure/triggering for reducing the intra-frequency measurement, the threshold should be carefully studied to avoid complicated calculation in UE autonomous behaviour.

Reducing the number of measured beams
In RAN1 Ad Hoc 1901, it was identified that RRM measurement by reducing the number of measured beams can be considered for power saving.
	· Study further RRM measurement by reducing the number of measured beams, the following aspects can be considered
· both RRC IDLE/INACTIVE/CONNECTED states  can be considered,
· both SSB and CSI-RS can be considered
· both serving cell and neighboring cells
· mechanism on how to adapting the number of beams,
· gNB controlled threshold UE autonomous adaptation 
· the threshold can include the following, 
· e.g., signal strength measurements
· Adaptation of number of beams based on threshold
· Provided by gNB without/with UE assisted information
· Adjacent directional beams of each SSB
· Directional information from SSB and CSI-RS



The current RRM measurement is based on SSB or CSI-RS, which is beam based measurement indeed. In R15, cell-level RRM measurement is based on beam-level measurement results, e.g. averaging across beams. 
When the UE is within the coverage of a certain beam of the serving cell, the gNB may provide the UE with information of a subset of beams of a target cell, then UE will only measure the subset of beams of the target cell to achieve RRM measurement of the target cell.

Additional resource
When reducing measurement activities, accuracy of measurement needs to be guaranteed. It was agreed that by the aid of providing additional resource may provide sufficient measurement/T-F accuracy when RRM measurement activities is reduced.
Besides the above benefit of additional resource, some other benefits were also identified in RAN1#95.
	Agreements:
Observation: Under certain conditions and certain deployment scenarios, additional resource for RRM measurement can be beneficial for UE power saving, including at least the following aspects: 
· Minimizing/reducing the timing gap between measurement (e.g., SSB) and DRX ON duration (e.g., paging monitoring occasion/reception, data reception, etc.) 
· Additional resource around the measurement occasion, e.g., for AGC assistance
· Reducing measurement activities by providing additional resource may provide sufficient measurement/T-F accuracy.


It should be noted that the benefits mentioned in above agreement has included the benefits of additional resource in case of reducing measurement activities, i.e. reducing measurement activities by providing additional resource may provide sufficient measurement and T-F accuracy. 

Minimizing/reducing gap between measurement and DRX ON duration
If the time gap between measurement and DRX on-duration is relatively large, UEs may wake up for both SSB/SMTC and DRX on-duration. 
SSB/SMTC could be cell specific or group common, while DRX configuration is UE specific. Hence, it is hard for network to align SSB/SMTC with DRX on-duration for given UEs. The following figure shows an example of misalignment between SSB/SMTC and DRX on-duration.


Figure 4: Example of misalignment between SSB/SMTC and DRX

In our view, additional resource can reduce the gap between measurement and DRX on-duration, and thereby UE can have the accurate T/F tracking for PDCCH/PDSCH reception in DRX on-duration.

Additional resource around the measurement occasion
It was reported in [1] that AGC tuning will cause additional measurement occasions. The following figure shows the case where UE needs two SSBs for AGC tuning and RRM measurement to get one RRM measurement sample.


[bookmark: OLE_LINK38][bookmark: OLE_LINK39]Figure 5: Two SSBs for AGC tuning and RRM measurement

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Similarly, one method to mitigate this issue is to design the additional resource as a RRM measurement RS around the measurement occasion. The following figure shows an example of additional resource around the measurement occasion. Designing the additional resource as RRM measurement RS will be discussed in Section 5.3.1.


Figure 6: Additional resource around the measurement occasion

Reducing measurement activities by providing additional resource

Assistance of additional resource on measurement accuracy
Increasing measurement period
In case of increasing measurement period, additional resource can be used as assistance for measurement accuracy. The following figure shows an example of assistance of additional resource in case of increasing measurement period. 
In the scenario without DRX configuration, we assume 40ms SMTC period and SMTC is fully non-overlapping with measurement gaps. According to the measurement requirements, the measurement period can be calculated as 200ms.


Figure 7: Example of assistance of additional resource in case of increasing measurement period

It can be observed that with assistance of additional resource, the number of effective samples (including SSB and additional resource) per time interval can be recovered. Without additional resource, there are 5/2 SSB per measurement period, but with additional resource, there are 5 effective samples per measurement period. It is the benefit of measurement accuracy recovery after reducing RRM measurement activities.

Reducing number of samples within a measurement period
In case of reducing number of samples within a measurement period, additional resource can be used as assistance for measurement accuracy. The following figure shows an example of assistance of additional resource in case of reducing number of samples within a measurement period. 
We assume 40ms DRX cycle, 40ms SMTC period and SMTC is fully non-overlapping with measurement gaps. According to the measurement requirements, the measurement period can be calculated as 320ms.


Figure 8: Example of assistance of additional resource in case of reducing number of samples within a measurement period

It can be observed that with assistance of additional resource, the number of effective samples (including SSB and additional resource) can be recovered. Without additional resource, there are 2 SSB per measurement period, but with additional resource, there are 4 effective samples per measurement period. It is the benefit of measurement accuracy recovery after reducing RRM measurement activities.

Confining RRM measurements within a measurement window
In case of confining RRM measurements within a measurement window, additional resource can be used as assistance for measurement accuracy. A similar way is mentioned in [2]. The following figure shows an example of assistance of additional resource in case of confining RRM measurements within a measurement window. 
We assume 40ms DRX cycle, 40ms SMTC period and SMTC is fully non-overlapping with measurement gaps. According to the measurement requirements, the measurement period can be calculated as 320ms.


[bookmark: _GoBack][bookmark: OLE_LINK16]Figure 9: Example of assistance of additional resource in case of confining RRM measurements within a measurement window

It can be observed that with assistance of additional resource, the number of effective samples (including SSB and additional resource) can be recovered. Without additional resource, there are 2 SSB per measurement period, but with additional resource, there are 4 effective samples per measurement period. It is the benefit of measurement accuracy recovery after reducing RRM measurement activities.

Summary
Based on the above discussion, additional resource can assist the UE to reduce measurement activity with negligible impact on accuracy achieved by existing Rel-15 measurement. Therefore, we have the following proposal.
Proposal 3: The additional resource can have functionalities of RRM measurement.

Assistance of additional resource on T/F accuracy
From Section 5.1, additional resource can be allocated within gap between the last SSB and the beginning of DRS on-duration, as RRM measurement RS. In general, RRM measurement RS can be used for T/F tracking, e.g. SSB and CSI-RS. So, additional resource can be used to improve T/F accuracy for UEs entering DRX on-duration.
It was identified in RAN1#95 that there can be RS resource to assist UE in performing RRM/CSI measurement and channel time/frequency and/or beam tracking.
	Agreements:
· The power saving signal/channel in trigger UE adaptation to DRX operation for further study is that the power saving signal/channel can be configured along the DRX configuration as the indication for UE to wake up from the sleep state.  RS resources can be considered to assist UE in performing RRM/CSI measurement and channel time/frequency and/or beam tracking.
· Other schemes are not precluded


Further, it was identified that additional RS can be used to assist UE in performing e.g., fine synchronization, channel/beam tracking, and/or CSI/RRM measurements in addition to the existing RS in Rel-15.
	Agreements:
· Capture in the TR: New section 5.2.3 “Additional RS used for UE power saving”  in TR

Additional RS is the RS provided by gNB to assist UE in performing e.g., fine synchronization, channel/beam tracking, and/or CSI/RRM measurements in addition to the existing RS in Rel-15.  The additional RS was proposed for study for power saving schemes for e.g., UE adaptation to the DRX operation, BWP switching, fast SCell activation, reducing PDCCH monitoring, and/or RRM measurements.   RS design is assumed to reuse Rel-15 waveform.  Power saving signal could be used to meet the purpose of additional RS.


In our view, to reduce network overhead, additional resource for RRM measurement and additional RS as the aid of power saving signal can share the same resource. It should be noted that RRM measurement RS is usually the RS for fine synchronization, which has been assumed in R15 UE.
[bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK12][bookmark: OLE_LINK13]Proposal 4: Additional resource for RRM measurement and additional RS as the aid of power saving signal can share the same resource. 

Signal/channel in additional resource
It was identified in RAN1 Ad Hoc 1901 that additional resource can used by signal, RS or channels, e.g. CSI-RS.
	Agreements:
· The followings can be considered as the usage of additional resource for RRM measurement,
· CSI-RS, including TRS
· SSS only
· SSB
· PSS, SSS and wake-up signaling/paging
· E.g., including transmitted in SFN (single frequency network) manner
· DMRS for RMSI PDCCH/PDSCH for standalone 
· Additional new RS/signal (e.g., configuring additional RS next to SSB) in addition to existing RS/signal in Rel-15
· Note: Existing structure/waveform of Rel-15 signals/channels is recommended to be studied for additional resource
· Note: companies report the purpose of additional resource for RRM measurement, e.g., measurement, cell search and etc.
· Companies report in which of the following RRC state(s) the additional resource can be used,
· RRC IDLE
· RRC INACTIVE
· RRC CONNECTED

Companies are encouraged to check the remaining text in Section 5 of R1-1901466, revisit in RAN1#96


In our view, using channel in additional resource could realize the functionalities of signal/RS, e.g. RRM measurement, with some tricks. However, it may cause higher UE complexity. More specifically, UE needs to decode the channel successfully and then reconstruct it as signal/RS and finally perform functionalities of signal/RS, e.g. RRM measurement.
Proposal 5: Whether to support using channel in additional resource needs to consider UE complexity. 

Conclusion
As summary, we have the following proposals.
Proposal 1: For procedure/triggering for reducing RRM measurement activity in time domain, the threshold should be carefully studied to avoid complicated calculation in UE autonomous behaviour.
Proposal 2: For procedure/triggering for reducing the intra-frequency measurement, the threshold should be carefully studied to avoid complicated calculation in UE autonomous behaviour.
Proposal 3: The additional resource can have functionalities of RRM measurement.
Proposal 4: Additional resource for RRM measurement and additional RS as the aid of power saving signal can share the same resource.  
Proposal 5: Whether to support using channel in additional resource needs to consider UE complexity.

Reference
[1]. R1-1810450, “Considerations on NR RRM power saving”, RAN1#94b, MediaTek Inc.
[2]. [bookmark: _Ref534977783]R1-1812643, “UE Power saving scheme for RRM measurements”, RAN1#95, CATT.
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